Parallel regulation of mitogen-activated protein kinase kinase 3 (MKK3) and MKK6 in Gq-signaling cascade.
Heterotrimeric G protein G(q) stimulates the activity of p38 mitogen-activated protein kinase (MAPK) in mammalian cells. To investigate the signaling mechanism whereby alpha and betagamma subunits of G(q) activate p38 MAPK, we introduced kinase-deficient mutants of mitogen-activated protein kinase kinase 3 (MKK3), MKK4, and MKK6 into human embryonal kidney 293 cells. The activation of p38 MAPK by Galpha(q) and Gbetagamma was blocked by kinase-deficient MKK3 and MKK6 but not by kinase-deficient MKK4. In addition, Galpha(q) and Gbetagamma stimulated MKK3 and MKK6 activities. The MKK3 and MKK6 activations by Galpha(q), but not by Gbetagamma, were dependent on phospholipase C and c-Src. Galpha(q) stimulated MKK3 in a Rac- and Cdc42-dependent manner and MKK6 in a Rho-dependent manner. On the other hand, Gbetagamma activated MKK3 in a Rac- and Cdc42-dependent manner and MKK6 in a Rho-, Rac-, and Cdc42-dependent manner. Gbetagamma-induced MKK3 and MKK6 activations were dependent on a tyrosine kinase other than c-Src. These results suggest that Galpha(q) and Gbetagamma stimulate the activity of p38 MAPK by regulating MKK3 and MKK6 through parallel signaling pathways.